ABSTRACT In previous short-terni studies in rats and humans, the ingestion of raw wheat germ lowered plasma triglycÃ©rides and cholesterol. Thus, the present study was designed to investigate the possible long-term effects of wheat germ intake. Diet supplementation with raw wheat germ or partially defatted wheat germ was tested in two separate groups of 10 and 9 free-living human subjects, respectively. They all exhibited hypercholesterolemia (6.14-9.67 mmol/L cholesterol) and 11 had hypertriglyceridemia. None was diabetic. Fasting blood samples were taken at the beginning of the study, after 4 wk of 20 g/d wheat germ intake, after 14 addi tional weeks of 30 g/d wheat germ intake and after 12 wk without any supplementation. Dietary records were kept for seven and three consecutive days, before and during the wheat germ intake periods, respectively. Raw wheat germ intake significantly decreased plasma cho lesterol (-8.7%) and tended to reduce VLDL cholesterol (-19.6%) after 4 wk. After 14 additional weeks, plasma cholesterol (-7.2%) and LDL cholesterol (-15.4%) re mained lower and plasma triglycÃ©rides (-11.3%) tended to be lower. The apo B:apo Al ratio significantly decreased after both periods. Partially defatted wheat germ transiently decreased plasma triglycÃ©ridesand cholesterol after a 4-wk intake. The present data in dicate that wheat germ reduces cholesterolemia in the long term and could play a beneficial role in the dietary management of type Ha and lib hyperlipidemia. J. Nutr. 122: 317-326, 1992.
As recently reviewed (1^3), a change in dietary habits is helpful in treating hypercholesterolemia and hypertriglyceridemia, which are positively associated with coronary heart disease (4, 5) . A low fat, low cholesterol diet is widely recommended (6) and may result in decreased cholesterolemia and LDL choles terol (7) (8) (9) (10) (11) (12) . Reductions in blood lipid concentrations may also be achieved by replacing animal proteins with vegetable proteins such as soybean, beans and protein concentrates (13, 14) or by using foods or preparations rich in dietary fibers, e.g., cereal brans or gums rich in soluble fibers (3) . On the whole, reduc tions in the range of 10-20% for serum cholesterol and 10-50% for serum triglycÃ©rides were observed in such cases.
Among cereal milling fractions, wheat germ has the characteristic property of being rich in both vege table proteins (27-30%) and dietary fibers (10-16%) as do other seed germs. Due to its rather high polyunsaturated fatty acid content, raw wheat germ is sus ceptible to oxidation. Thus, to improve the storage ability of wheat germ and to obtain pure wheat germ oil, partially defatted (PDF)wheat germ is industrially prepared and is likely to replace raw wheat germ in food preparations. After Ranhotra's initial work (15) , we demon strated that the addition of 7% raw wheat germ to a diet rich in fat and cholesterol induced a significant decrease in VLDL cholesterol and VLDL triglycÃ©rides and a significant increase in HDL cholesterol in adult rats after 7 wk (16) . Even lower amounts of raw wheat germ (3.5%) had a hypolipidemic effect in rats (17) . More recently, we showed that the daily intake of 30 g of raw wheat germ for 4 wk induced significant decreases in plasma cholesterol and VLDL cholesterol in hypercholesterolemic subjects as well as plasma and VLDL triglycÃ©rides in hypertriglyceridemic human subjects (18, 19) .
In rats, we showed that raw wheat germ interfered with lipid hydrolysis in the stomach and small intes tine, thus inducing a decrease in the intestinal ab sorption of lipids and dietary cholesterol (20, 21) . These effects could result from lipase inhibition (22, 23) due to the presence of inhibitory proteins that are present in great quantity in raw wheat germ (23, 24) . Other metabolic effects induced by wheat germ may occur, but have not yet been studied.
Given the effects already observed in rats and in hypercholesterolemic human subjects in the short term, the present study was conducted to evaluate the possible beneficial effects of a daily intake of 20 and 30 g of raw or PDF wheat germ in the long term.
The results obtained confirm the hypolipidemic effect of wheat germ in humans.
MATERIALS AND METHODS
Subjects. Hypercholesterolemic subjects were se lected with the help of G. Vigneron, J. L. Ode and M. L. Girardon (Cadenet, France) and P. Reyes (Pertuis, France). Adult volunteers gave informed consent to a protocol approved by the Medical Ethics Committee (Regional University Hospital Center, Marseille). As shown in Table 1 , 19 subjects (13 women and 6 men) with an age range of 37 to 69 y participated in the study. Nine were slightly overweight [body mass index (25) : 25.1 to 29.7] and four were smokers (RF, MG, MR, CR). There was no alcohol abuse before, during or after the wheat germ intake period (before: 2.87 Â± 0.86 g alcohol/d; during: 3.15 Â± 1.22 g/d). None had received any hypolipidemic agent for at least 3 mo before the study began. All had normal fasting glycemia (4.0 to 6.43 mmol glucose/L), and all had elevated fasting total plasma cholesterol (6.14 to 9.67 mmol/L). Eight had normal plasma triglycÃ©rides (<1.5 mmol/L); the remaining 11 had hypertriglyceridemia (1.56 to 5.80 mmol/L). Based on the lipoprotein pat terns obtained by lipoprotein electrophoresis at the beginning of the study, the subjects all fitted the criteria for either type Ha or type Hb hyperlipoproteinemia (26) .
Experimental design and diets. The effects of either raw wheat germ or PDF wheat germ were studied separately in two different groups of subjects (Table 1) . Subjects were randomly allotted to the two different groups. In Group 1, 10 subjects were given raw wheat germ. In Group 2, nine subjects were given PDF wheat germ.
Initially, the subjects in each group participated in a 4-wk supplementation period, with a crossover de sign. Thus, in Group 1, subjects MF, RF, MG, JM and DR ingested 20 g of raw wheat germ in addition to their usual diet, in three fractions during the three main meals for 4 wk; they then resumed their usual diet, without any wheat germ for the following 4 wk. Subjects SB, DB, ML, AM and MA followed the op posite pattern (period 1 without wheat germ, period 2 with wheat germ). Correspondingly, in Group 2, sub jects PB, JP, RP, MR and LT ingested 20 g/d PDF wheat germ during the first 4-wk period and ceased in the second 4-wk period; subjects MD, SL, CM and CR followed the inverse sequence. After the crossover period was completed, the ten subjects of Group 1 ingested 30 g/d raw wheat germ and the nine subjects of Group 2 ingested 30 g/d PDF wheat germ for 14 additional weeks. A last blood collection was per formed 12 wk after the conclusion of wheat germ supplementation.
Each subject's usual diet was evaluated through a 7-d food recall during the week preceding the be ginning of the study. Another 3-d food recall was then conducted during the wheat germ intake period, to observe possible changes in the subjects' dietary habits. The evaluation of the nutrient, energy and dietary fiber composition of the diets was conducted using the GENI software (Micro 6, Nancy, France). The results (Table 2) indicate that the subjects in the two different experimental groups had a diet moder ately rich in fats with a moderate total energy intake. The daily cholesterol intake agreed with the current average daily intake in western countries; the polyunsaturated/saturated fatty acid ratio (0.47 Â± 0.07 and 0.46 Â± 0.05 before and during the study, respec tively) was in the average range.
As indicated (Table 2) , no significant change in the diets of subjects in either group was observed over the control and wheat germ intake periods. Protein intake was higher than during the control period only with 20 g/d or 30 g/d raw wheat germ. For the 10 subjects of Group 1, lipids, proteins, and complex and refined carbohydrates represented 40.7 Â± 2.9, 16.3 Â± 0.8, 26.5 Â±1.8and 16.5 Â± 1.5% of the total energy of their basal diet, respectively. During the 20 g/d wheat germ intake period, these quantities were 39.9 Â± 3.5, 16.7 Â± 0.8, 27.0 Â± 28 and 16.5 Â± 2.4% of total energy intake, respectively. Comparable figures were obtained for the nine subjects that ingested the PDF wheat germ (Group 2). The daily wheat germ intake was esti mated over the entire study and variability between the subjects remained in the range of Â±10%of the recommended dose (20 or 30 g/d).
The raw wheat germ came from Diepal (Villefranche sur SaÃ´ne, France) and its moisture content was 8.5%. Its composition is given in The PDF wheat germ was prepared by the Grands Moulins Storione (Marseille, France) from the raw wheat germ vised. Its moisture content was 7% and its composition is given in Table 3 . Thus, a daily intake of 20 or 30 g of PDF wheat germ supplied 3. The in vitro inhibitory activity (20) of raw wheat germ and PDF wheat germ towards pancreatic lipase was measured in duplicate and is given in Table 3 .
Plasma analysis. Fasting blood samples (after a 13-to 16-h overnight abstinence from food) were collected at the beginning of the study, after each 4-wk test period with or without 20 g/d wheat germ intake (crossover period), after the 14 wk with 30 g/d wheat germ intake and 12 wk after ceasing the wheat germ intake.
The plasma was prepared by centrifugation. Total plasma cholesterol and free cholesterol (29) , triglyc Ã©rides (30), phospholipids (31) and glucose (32) were assayed enzymatically. Insulin (33) , fructosamine (34) and glycosylated hemoglobin (35) concentrations were determined. Plasma apolipoproteins (apo) Al (36) and B (37) were assayed by immunonephelometry. The different lipoprotein fractions (VLDL: d a 1.006 kg/L; LDL: 1.006 < d <, 1.063 kg/L; HDL: 1.063 <>d < 1.21 kg/L) were separated from 2 mL of plasma by ultracentrifugation on a KBr discontinuous density gradient (175,000 x g, 15*C, 24 h, in a SW 41 Ti rotor) as previously described (19) . Total cholesterol, free cholesterol, triglycÃ©rides and phospholipids were then assayed in the different lipoprotein isolated fractions.
StatÃ¬stica!analysis. Because each experimental group was small (ten and nine subjects) and because variations occurred between individuals, each subject served as his/her control in this study. Thus, to assess the statistical significance of the differences observed between the experimental periods, ANOVA for re peated values (38) and Fisher's test were used at the probability level of 95%, separately in each experi mental group, by using StatView n micro-computer program (Abacus, Berkeley, CA). Results are given as means Â±SEM.
RESULTS
The two kinds of wheat germ were consumed in separate experiments by two groups of hypercholesterolemic subjects. During the crossover period, the subjects of either group did not change their dietary habits (Table 2) , and the daily 20-or 30-g wheat germ intake did not induce undesirable side effects, such as intestinal pains or flatulence. Some subjects reported a beneficial effect of wheat germ on constipation.
No significant body weight variation was observed during the different periods of the study (data not shown). The glycemia of the subjects who ingested raw wheat germ did not significantly change over the experimental period (before Insulin, fructosamine and glycosylated hemoglobin blood concentrations did not significantly vary during the present study (data not shown).
Plasma and lipoprotein cholesterol
Effects of raw wheat germ. During the 4-wk period of raw wheat germ supplementation, the 20-g/d wheat TriglycÃ©ridevalues with an asterisk are above normal range (>1.50 mmol/L).
germ intake significantly decreased the total plasma cholesterol from 8.54 Â± 0.33 to 7.68 Â± 0.37 mmol/L in one subgroup and from 6.75 Â±0.37 to 6.36 Â±0.21 mmol/L in the other. In the two subgroups, the 4-wk period without wheat germ did not induce any significant change in cholesterolemia. On the whole, the cholesterolemia of the 10 subjects significantly decreased by 8.7% after 4 wk of 20-g/d raw wheat germ intake, as shown in Figure 1 . After the 14-wk period of 30 g/d raw wheat germ supplementation (Fig. 1) , the cholesterolemia of 10 subjects remained at a significantly lower level than at the beginning of the study (mean Â± SFJVÃ•: 7.11 Â± 0.35 vs. 7.69 Â± 0.35 mmol/L). Terminating the raw wheat germ intake for 12 wk increased plasma cholesterol to a value (7.42 Â±0.33 mmol/L) comparable to that at the beginning. A similar pattern was obtained for the plasma esterified cholesterol (Fig. 1) .
The results obtained for lipoproteins are presented in Figure 1 . VLDL cholesterol tended to decrease after 4 wk of raw wheat germ intake, but this value was not significantly lower than baseline at any time point. Total LDL cholesterol was decreased by 9.2% (but not significantly) after 4 wk supplementation with 20 g/d raw wheat germ and significantly decreased after 14 wk (-15.4% compared with the original value) when the supplementation was in creased to 30 g/d. LDL esterified cholesterol displayed the same evolution (-16 .0% between the beginning of the study and after the 14-wk intake). Twelve weeks after stopping the raw wheat germ intake, total LDL cholesterol reached a value comparable to that at the beginning of the study. Total HDL cholesterol did not vary appreciably during the study.
Effects of partially defatted wheat germ. During the crossover period, the daily intake of 20 g PDF wheat germ significantly decreased total plasma cho lesterol from 7.00 Â± 0.29 to 6.55 Â± 0.42 mmol/L in one subgroup and from 7.25 Â± 0.23 to 6.41 Â± 0.21 mmol/L in the other. In both subgroups, during the 4-wk period without wheat germ supplementation, there was no significant change in plasma cholesterol. As shown in Figure 2 , the cholesterolemia (nine subjects) was significantly lower than baseline after the 4-wk daily intake of 20 g of PDF wheat germ (-9.8%), but exhibited an intermediate value after the 14-wk daily intake of 30 g of PDF wheat germ. A significant decrease (-10.2%) in plasma esterified cholesterol was observed only after the first 4-wk period of PDF wheat germ intake. Increasing the intake of PDF wheat germ from 20 to 30 g/d did not result in noticeable modifi cations.
The results indicate that total VLDL cholesterol did not significantly vary over the course of the study (Fig. 2) . Total LDL cholesterol tended to decrease, but not significantly, after 4 wk and 14 wk of PDF wheat germ intake. Total HDL cholesterol did not change during the study. No significant change in the es terified cholesterol concentration was observed in the different lipoprotein fractions.
Plasma and lipoprotein triglycÃ©rides
Effects of raw wheat germ. During the 4-wk crossover period, a trend to decreased plasma triglyc Ã©rides could be observed in one subgroup, whereas a significant decrease in triglyceridemia (-24.2%) was observed in the other subgroup. During the nonsupplemented periods, triglycÃ©rides tended to in crease in one subgroup and remained stable in the other one. As shown in Figure 1 , plasma triglycÃ©rides marginally decreased relative to baseline after a 4-wk daily intake of 20 g of raw wheat germ (-9.4%) and also after a 14-wk daily intake of 30 g (-11.3%). The triglycÃ©ridesof the three lipoprotein fractions exhibited a comparable trend. After 14 wk of 30 g/d raw wheat germ intake, a significant decrease in LDL triglycÃ©rideswas observed (-42.6%), although they returned to their initial value 12 wk after the supple mentation ceased. HDL triglycÃ©rideswere signifi cantly lower after 14 wk of 30 g/d wheat germ intake and remained significantly lower than baseline 12 wk after the supplementation ceased.
Effects of partially defatted wheat germ. Plasma triglycÃ©rides significantly decreased after a 4-wk daily intake of 20 g of PDF wheat germ in both subgroups. During the nonsupplemented periods, the triglyc Ã©rides did not vary in either subgroup. Thus, a signif icant decrease of plasma triglycÃ©rides(-23.6%) was observed after 4 wk daily intake of 20 g of PDF wheat germ (Fig. 2) , but, after 14 wk of 30-g/d supplementa tion, this decrease was no longer significant (-15.1%). Values at 12 wk after terminating the supplemen tation were comparable to baseline values. The decrease in plasma triglycÃ©rides observed after 4 wk of PDF wheat germ intake was associated with a marked trend for a decrease in the HDL, VLDL and LDL triglycÃ©ride concentrations.
Plasma and lipoprotein phosphollplds
Effects of raw wheat germ. As shown in Figure 1 , a 4-wk daily intake of 20 g of raw wheat germ induced a significant increase in plasma phospholipids (+17.8%). The daily intake of 30 g of raw wheat germ main. tained significantly higher plasma phospholipid con centrations (+11.1% 'Values are means Â± SEM[Group 1: RWG (raw wheat germ), 10 subjects; Group 2: PDFWG (partially defatted wheat germ), 9 subjects], for daily intake over 7 d during control period, and 3 d during supplementation period.
Calculation including a 20-or 30-g daily intake of wheat germ, with the composition given in Table 3 . 3Different superscript letters (a, b: Group 1-RWG;x, y: Group 2-PDFWG) indicate a significant difference between two periods (ANOVA for repeated value, P < 0.05).
germ supplementation, and to the increase in HDL phospholipids and VLDL phospholipids after a 14-wk 30 g/d supplementation. After 12 wk without supplementation, values were comparable to baseline values. No effect was observed on LDL phospholipids.
Effects of partially defatted wheat germ. A compa rable pattern was observed after the ingestion of PDF wheat germ, although only trends for higher plasma phospholipid values were obtained after the 4-and 14-wk supplementations (Fig.2) . It is noteworthy that HDL phospholipids were significantly higher after both PDF wheat germ supplementation periods com pared with the initial value and the value at 12 wk follow-up.
Lipoprotein composition
Effects of raw wheat germ. The lipid compositions of VLDL, LDL and HDL of the subjects who ingested raw wheat germ were determined. In VLDL (compo sition at baseline, mol/100 mol: 29. Effects of partially defatted wheat germ. After PDF wheat germ supplementation, some changes were observed in lipoprotein composition. In VLDL, triglycÃ©ridesdecreased and phospholipids increased after 4 wk of supplementation and cholesterol esters decreased and free cholesterol increased after 14 addi tional weeks of supplementation. No variation in the by guest on July 4, 2014 jn.nutrition.org Downloaded from lipid composition of LDL was observed. In HDL, phospholipids increased after supplementing PDF wheat germ for 4 wk or 14 additional weeks. Figure 3A shows the change in apo Al and B during the study with raw wheat germ. The 4-wk supple mentation tended to increase apo Al concentration and to decrease apo B. This resulted in a significant decrease of the apo B:apo Al ratio (1.31 Â± 0.11 vs. 1.08 Â± 0.07). This ratio remained low (1.06 Â± 0.11) after 14 wk of additional raw wheat germ supplementation, because of a significant increase in apo Al. This ratio remained significantly depressed 12 wk after ceasing the wheat germ supplementation.
Apolipoproteins
With PDF wheat germ supplementation, no signif icant changes were observed in the concentrations of either apo Al or apo B (Fig. 35) .
DISCUSSION
These long-term studies on the effects of two kinds of wheat germ on lipids and lipoproteins in plasma were conducted with subjects displaying type Ha or Hb hyperlipidemia. The subjects' usual diets remained unchanged during the study and were typical of diets in developed countries, with -40% of the energy pro vided by fat and 350-400 mg of cholesterol consumed daily. The daily intake of 20 or 30 g of either wheat germ was well tolerated by the subjects.
During the first period, supplementation with wheat germ was 20 g/d for 4 wk in a crossover design. This was done to compare the effects of this dose (20 g/d) to those of a higher dose of raw wheat germ (30 g/ d) tested for 4 wk in a previous study (18, 19) . It is noteworthy that comparable results had been ob tained in two previous studies, one with 30 g/d raw wheat germ in humans (18, 19) and the other in rats (16) with 7% raw wheat germ in the diet, the main findings being significant decreases in plasma and VLDL cholesterol and triglycÃ©rides. In the present study, after a 20-g/d raw wheat germ intake for 4 wk, plasma cholesterol significantly decreased. Neverthe less, the decrease in triglycÃ©rideconcentration was much less marked in the present study (-9.4%) with 20 g/d wheat germ as compared with the decrease in the previous study (-33.7%) with 30 g/d wheat germ (12) . Thus, 20 g/d raw wheat germ was adequate for lowering plasma cholesterol but not for lowering plasma triglycÃ©rides. This suggested that 20 g/d wheat germ would not be an optimal supply and thus, the daily intake was further raised to 30 g/d for the addi tional 14-wk supplementation period.
After 4 wk of intake, PDF wheat germ lowered plasma total cholesterol and triglycÃ©rides to compa rable extents, in agreement with observations in rats (17) . FIGURE 3 Changes in fasting plasma apolipoproteins (apo) Al and B (g/L) before A) raw wheat germ (RWG) or 5) partially defatted wheat germ (PDFWG), after 4 and 14 wk RWG or PDFWG intake and after 12 wk follow-up. Values are means Â±SEM of 10 subjects (RWG) and 9 subjects (PDFWG). Different letters indicate significant differences between periods (ANOVA for repeated value, P < 0.05).
effect of raw wheat germ was maintained, with signif icantly lower plasma total and esterified cholesterol concentrations and slightly lower triglycÃ©ride concen trations (Fig. 1) . These effects were mainly due to significant declines in the LDL fraction. However, it is noteworthy that the magnitude of triglycÃ©ride re duction was not as high as could be expected (19) after a 30-g/d raw wheat germ intake. Increasing raw wheat germ intake from 20 to 30 g/d reinforced the decrease in LDL cholesterol. Conversely, in the long term (14 wk), the variations induced by PDF wheat germ were no longer significant (Fig. 2) . These data are different from those obtained in the short-term study and thus suggest that PDF wheat germ might not have longterm influence on lipid metabolism.
In three cases only (apo Al, HDL cholesterol, HDL triglycÃ©rides), the values obtained after the 12-wk follow-up period were different from the baseline values. We have no explanation for this observation, which is strikingly limited to some HDL components.
The composition of HDL might change more slowly than that of other lipoprotein particles.
The modifications observed in blood lipids appar ently were not associated with changes in carbohy drate metabolism as suggested in other studies (3), because no marked variations of related blood values (glucose, insulin, fructosamine and glycosylated he moglobin) were observed. In addition, no marked changes occurred in the amounts of fat and carbohy drate ingested during the wheat germ supplemen tation periods that could have induced modifications in the conversion of VLDL to LDL. The reduction in LDL could be interpreted in several ways. It could result from a decreased VLDL synthesis and secretion from the liver, leading to a long-term decreased LDL concentration. If the supply of exogenous cholesterol to the liver decreased with wheat germ supplementa tion, the activity of the liver LDL receptors would increase (39) , thus lowering total and LDL cholesterol, as we observed. Lower liver triglycÃ©ride synthesis and secretion, higher VLDL fractional catabolic rate and increased activity of LDL receptors were previously reported after feeding vegetable proteins (40) . In fact, the expected decreased cholesterol and triglycÃ©ride contents of the liver were previously observed in rats fed a high fat, cholesterol-containing diet supple mented with 7% raw wheat germ (16) . Another direct metabolic effect, such as inhibition of hydroxymethyl-glutaryl-coenzyme A reductase, might have occurred with wheat germ feeding, be cause this inhibiting capacity has been already described in several other cereal fractions (41), but no direct evidence is available concerning wheat germ.
The reduced exogenous cholesterol and triglycÃ©ride supply to the liver suggested above may result from a decreased production of apo B-48-rich lipoproteins, namely chylomicrons and intestinal VLDL. Thus, a reduced synthesis rate of intestinal triglyceride-rich lipoproteins may occur with raw wheat germ supple mentation. In fact, we previously showed that wheat germ has the highest in vitro inhibitory capacity against pancreatic lipase among the various cereal fractions studied (23) . Raw wheat germ exhibited a threefold higher in vitro lipase inhibitory capacity than did PDF wheat germ. This might be implicated in the different effects observed here on lipid metab olism in the presence of the two kinds of wheat germ tested. Moreover, we observed that supplementing a test meal with 10% wheat germ reduced the extent of fat lipolysis in the stomach and small intestine in the rat, thus leading to decreased blood postprandial outputs and increased cecal levels of fatty acids and cholesterol from dietary origin (20) . The existence of such a postprandial mechanism was recently investi gated in healthy humans and the data obtained showed that adding 40 g of raw wheat germ to a test meal decreased chylomicron cholesterol and plasma triglycÃ©rides (42) . Nevertheless, no effect on fecal fat and sterol excretion or body weight was observed after chronic raw wheat germ intake in rats (17) .
Several of the raw wheat germ components could have been involved in the metabolic effects observed. Although polyunsaturated fatty acids, tocopherols and phytosterols are capable of modifying some plasma lipid values, the amounts provided by the ingestion of 30 g/d wheat germ (3.3 g, 7 mg and 78.5 mg, respectively) seem too low to induce any signif icant metabolic changes. For instance, supplementing the basal diet with 30 g/d wheat germ did not change the polyunsaturated/saturated fatty acid ratio (0.46 vs. 0.47).
In addition, wheat germ contains a high amount of dietary fiber (-10%), mainly in the form of insoluble fibers such as cellulose and hemi-celluloses. However, when tested as purified fractions, these fibers do not seem to be involved in lipid assimilation and metab olism (22, 43, 44) . Moreover, on a quantitative basis, wheat germ intake did not result in increased daily ingestion of dietary fibers in the present study (Table  2 ), in agreement with data of a previous study (19) .
Wheat germ intake increased the daily ingestion of dietary proteins ( Table 2) . As mentioned before, other vegetable proteins, especially those from legume seeds, possess hypocholesterolemic properties (13, 14, 40) , with possible hypotriglyceridemic effects. In that respect, it is noteworthy that several studies (20, (22) (23) (24) have shown that proteins inhibiting pancreatic lipase are present in wheat germ or other cereal frac tions. Thus, the observation that PDF wheat germ induced fewer metabolic changes in human subjects than did raw wheat germ could be interpreted as a possible denaturing or complexing of proteins induced by processing.
In conclusion, the present data confirm and extend those of previous short-term studies done in rats (16, 17) and in humans (18, 19) . A 30-g daily supplement of wheat germ in the long term decreased total plasma cholesterol by 7.5%, plasma triglycÃ©rides by 11.3%, LDL cholesterol by 15.4% and the apo B:apo Al ratio by 23.6% in subjects with type Ha or lib hyperlipoproteinemia. According to the Lipid Re search Clinic Coronary Primary Prevention Trial (4), a reduction by 7% of the plasma cholesterol level might lead to about 15% decrease in coronary heart disease. Lowered plasma triglycÃ©rides and apo B:apo Al ratio, as well as lowered LDL cholesterol are indi cators of reduced risk of coronary heart disease (4, 5) . This confirms that modifying a low lipid, low choles terol diet (e.g., supplementing fibers, changing the nature of proteins) could induce an additional decrease of cholesterolemia and triglyceridemia.
